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part 3 is an excellent scielltific revie,\. 01 4830-7. 
of t h e  current knoxledge of triinscription- 
a1 regulation ~n the  lac oDeron and its uses 

T h ~ s  hook ~ v a s  motivated h\- the  lnah~lity of 
a P11.D. student during a11 oral exam to tell 
the author what Xlax Delbriick did, ey-en 
though they worked in  the eponymous lab- 
oratory. hliiller-Hi11 laments, "h~lolecular 
Biology has n o  histor\- for tlhe youlng scien- 
tist." T h e  result is a book that beeins \\.it11 
Noah and ends with Goetlhe. In b'etn.een is 
a terse but complete narrative of the genetic 
vehicle that allowed the working out of the  
Central Dogllla and the regulation of gene 
espresslon, hliiller-Hill's scientific career 
spans the  entire development of the lac 
operon froin theory througl~ repressor isola- 
tion, D X X  sequencing, and protein three- 
iii111ensio1lal stnlctures. It hegan with his 
B-oalacrosidase mechanistic studies as a 
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thesis project anii the isolation of Lac re- 
pressor as a ~ o s t d o c  \vith Walter Gilbert. 
His productive laboratory in Cologne se- 
quenced the repressor protein and has un- 
folded much of the complexity of lac operoll 
regulation in the  past tn-o decades. Al- 
though Miiller-Hi11 started life as a chemist. 
this hook is the perspective of a geneticist. 
It is one part chronicle, one part memoir, 
and one part scientif~c review. T h e  time is 
right for this retrospective, since molecular 
structures of P-galactosidase and the repres- 
sor with D N A  have just been ~vorked out.  

Part 1 begins 1vitl1 the  hackoro~~nd  to the  
Cartesian publications of Francois Jacob 
anLi Jacques Monad. It ends in 1976, when 
Monod died and Gilbert, distracted by 
DNL% sequence determination, failed to at- 
tend the  second Cold S ~ r i n e  Harbor lac 
operon reunion. W h a t  most students see in 
toiiay's hiolog\- and genetics texthooks as 
the paradig111 of gene regulation is the pic- 
ture of 1976. 

Part 2,  Misinterpretations, is in the  spirit 
of the  all cotirant inernoir, stopping short of 
revealing alcoholisln or rnelltal illness. In  
addition to iiescrihing several faui. pas fro111 
his own laboratory, the  author nallles 
names, pointing out, \vith literature clta- 
tions, the gaffes of noteL{ geneticists, bio- 
chemists, crystallographers, and genolne 

as 1.ector and indicator In eukar\-otic sys- 
rems. Today's molecular biology ~ v a s  pres- 
aged in  the  stud\- of tlhe iac operon. A 
genetic vector nit11 oy-erproduction was 
first constructed for the  isolation of Lac 
repressor ( and  amber suppressor Su IIIt 
R N A )  in order to d o  biocheinistr\-. L%nal- 
\-sls of the  lac operator D N A  by Gilbert led 
to  the  sequence of rhe lac1 gene by Philip 
Farabaueh. Combined w~tlh the  Herculean 
genetics of Jeffrey H .  h.liller, this sequence 
foreshado~ved pS3 hot  spots and malleabil- 
ity of D N A  1vit11 tandem repeats. 

-Absent from Xli~ller-Hill's account is the  
introduction of allostery by h~lonoii, J.-P. 
Changeux, and Jacob in 1963-an essential 
feature of macrornolecular control through 
small-molecule interaction. L%lso missing 
are the  von Hlppel school's attempt; to 
understand Lac repressor spec~ficity and 
thermodynamics ln  the  context of the  other 
4.7 million base pairs of genolllic D N A  and 
the ions of the  intracellular milieu. 

Milller-Hill declares the  lac operon a 
paradigm hecause of the hiological principle 
that "what n.orks survil-es; what does not 
work beco~lles extinct. Elegant solutions are 
used again and again. Paradigmatic systems 
have thus revealed their beauty earlier than 
others." Actually, there are three practical 
reasons for the lac operon's paradigmatic 
position: ( i )  p-galactosidase activity has a 
1333-fold d y n a ~ ~ i c  rallge upon induction; 
(i i)  isopropyl-thio-P-galactoside is a gratu- 
itous inducer, not  affected bj- P-galactosi- 
dase; (iil) when hydrolysed by P-galacto- 
side, S-gal gives the  familiar blue color to 
bacterial colonies on plates or to tissues. 

Xliiller-Hill's real lament is not lack of 
interest in history but a paradigm shift in 
biological research foreseen hv Gilbert in 
1991 (hTature 349, 99): to the  high school 
s t ~ ~ d e n t  hiological research is n o ~  surfing 
the Internet; to undergraciuates it is PCR 
amplification of c-DNA libraries; to gradu- 
ate students it is genetics experiments hy 
sequence horuology searches through a ge- 
nome database; and to the rest of us old 

geezers 1t is word-processing rearrangeluent 
of manuscriprs, proposals, and unread pho- 
tocopled p ~ ~ h l i c a t ~ o n s .  There is st111 a lot to  
do. For a structural hioloelst, the  R N A  
polylllerase entry a t  the lac promoter is a 
y.ast void. T h e  recent publication by Inada 
et al. (Genes to Cells 1, 293 [1996]) o n  
mterplay het11-een glucose and lactose and 
the  lac operon wlll require major textbook 
revision. 

W h o  should read the  present hook? All 
textbook authors and teachers must read 
parts 1 and 3. Stuiients s h o ~ ~ l d  read part 2 to 
see that some giants, including their thes~s  
advisers, have clay feet. 

Ponzy Lu 
Depa~tment of Cheinlstrq , 

Uniuersity of Pennsqlva~~ia, 
Pk~ladelphia, PA 191 04-6323, LTS4 

A Physical Atelier 

The Quantum Theory of Fields. Vol. 2. Mod- 
ern Applications. STEVEN WEINBERG. Cam- 
bridge University Press, New York, 1996. xxii, 
489 pp., illus. $47.95 or £32.50. ISBN 0-521- 
55002-5. 

Soille time ago I visited a harpsichord-mak- 
er in 111s n.orks110~. T h e  artisan showed me 
his materials, explained the varlous stages 
111 the  constructloll of l ~ a r ~ ~ s i c l ~ o r d s ,  then 
treated me to a recording of Igor Kipnis 
playing a fandango o n  one of his instru- 
ments. But the  object he  took the greatest 
pleasure in sho\vmg me n.as not a f~nished 
harpsichord but a block plan-clean, pre- 
cise, and utterly apt-that h e  had huilt 111 

order to sculpt soundhoards of surpassing 
beauty and eloquence. This maker of won- 
derful instruments was also a maker of WOII- 

derful tools. 
Reading volume 2 of The Quantuin The- 

ory of Fields took me back to the harpsi- 
chord-maker's workshop, because Steven 
LVeinberg is one of our most gifted makers 
of theoretical tools as well as a virtuoso 111 

their use. His new hook conveys hoth the  
satisfaction of understandino nature and the  
feel of the  atelier, for the  "modern applica- 
tions" of its subtitle include hoth the deri- 
vation of physical consequences and the 
development of new tools for understanding 
and applying field theory itself. 

Quantum field theory is the  theory of 
matter and its interactions that grew out of 
efforts begun in tlhe late 1922s to join quan- 
tum mechanics and relativity. Thanks in 
considerable lileasure to its successes over 
the  past quarter-century, quantum field the- 
ory has become the  preferred conceptual 

938 SCIENCE \.OL. 275 14 FEBRU.-\R\i 199; h t tp : / /nw~.sc i  



and mathematical framework for approach- 
ing many of the  fundamental prohlems of 
physics. Indeed, ~t is the  resemblance 
among the  field theories of the  strong, 
weak, and electromagnetic interactions that 
inspires the  hope for a unified theory of 
them all. 

Two great themes are a t  the  heart of 
"Modern Applications": the  role of symme- 
try in  determining the  fundamental Inter- 
actions and the  concept of symmetries that 
are hidden at low energies. Weinberg's 
t r ea t~uen t  of ~lon-~%bel ian gauge theorles- 
specifically quantuln chromodynamics, the  
theory of strong interactions among 
quark-is notable for an  explicit calcula- 
tion of the  quantum corrections that make 
the  coupling constant of the  theory depend 
o n  the  energy scale. This illuminates the  
rernarkahle feature of "asymptotlc freedom," 
whereby the  strong interactions become 
feeble-and susceptible to  analysis by per- 
turbation theory-at hlgh energies. This 
leads in  turn to a clear and thorough pre- 
sentation of the varieties of asymptotlc he- 
havior for a field theory, using the  methods 
of the  renormalization group. 

Hidden symmetries are treated in  two 
masterly chapters devoted to global and 
local symmetries. T h e  d~scussion of the  
pion as a n  avatar of chiral symmetry- 
breaking integrates the  fruitful current- 
algebra approach of the  196Qs with our 
modern understandino based o n  ouantum u 

chromodynamics. L% highlight of the  chap- 
ter o n  local svmmetries is a rich discussion 
of superconductivity as a consequence of 
the  spontaneous breaking of electromag- 
netlc gauge symmetry. T h e  superconduct- 
ilng phase transition is our luodel for hid- 
lno the  electro~j-eak svmmetrv, and a de- 
t a i e d  examination usl;lg the  tools of mod- 
ern  field theory is rewarding. 

As quant~uu field theory and gauge the- 
ories have hecome nlore central to our study 
of physics at very short distances, or very 
high energies, we have changed our attltude 
about the theorles themselves. W e  n o  lolloer 
demand that our theories make sense up to 
arbitrarily high elnergies but regard them as 
effectwe theor~es that are appropriate to de- 
scribe the important physics In various ener- 
gy regimes. In many instances, effective field 
theories provide the  most convenient tool 
for working out the consequences of symme- 
tries and the general principles underlying 
quantulu f~e ld  theory. Among the many 
tools Weinberg presents, he  shows effective 
f ~ e l d  theories with particular pleasure. 

The  Quantum Theory of Fields: Modern 
Applications 1s a splendid hook, with abun- 
dant  useful references to the  original liter- 
ature. I t  is a verv interesting read from cover 
to  cover, for t h i  who1enes;~einberg's per- 
sonal perspective gives to  quantum field 

theory and particle physics. A n  author In- 
dex and a well-chosen subject index make 
"Modern Xpplicatlons" a valuable reference 
hook. 

For a highly motivated and superbly pre- 
pared student, The  Quantum Theory of 
Fieids &Modern Applications could serve as a 
textbook, with or without its companion 
volume "Foundations." T h e  ideas of each 
chapter are elaborated by several thought- 
provok~ng prohlems. I will recommend it t o  
students who have completed a first course 
in f ~ e l d  theory and hope that many of my 
colleagues will read it as well. Weinberg 
leads us to  a frontier rich in possihil~ties. 
This is a n  optimistic hook, written with 
much respect for ideas and nature-and for 
tools. 

Chris Quigg 
Theoretical Phys~cs Department, 

Fermi hTational Accelerator Laboratory, 
Bataziia, IL 6251 0 ,  U S 4  

NO Methodology 

Nitric Oxide Synthase. Characterization and 
Functional Analysis. MAHlN D. MAINES, Ed. 
Academic Press, San D~ego, 1996. xviii. 354 
pp., illus. $89 or £65. ISBN 0-12-185301-2. 
Methods in Neurosciences, vol. 31 

Shortly after the  discovery that nitric oxide 
is the  principal form of the  endothelium- 
derived relaxing factor, it was shown to  
luodulate synaptic plasticity during learning 
and development, to regulate cerebral hlood 
flow, and to have a pathological role in  
neuronal degeneration. -Although the bio- 
logical llfetilue of nltric oxide is probably 
less than a second, its half-life is long rela- 
tlve to the  tlnle scales involved 111 neural 
transm~ssion, allowing rt t o  diffuse between 
neurons and act as a retrograde messenger 
to  locally luodulate neuronal activity. T h e  
importance of nitric oxide for the  function- 
ing of the  central nervous system is under- 
scored hv the  fact that the  h r a ~ n  colltalns 
more nikic  oxide synthase than any other 
tissues in  the  hody under non-patholog~cal 
conditions. Furthermore, the  neuronal nl- 
tric oxide synthase gene may have the  most 
complex organ~zation of any gene expressed 
in the  central nervous system (see P. L%. 
Marsden, Adv .  Pharmacol. 34, 71-92 
[ I99 51 ), undergoing complex regulation 
during development and after CNS injury. 

Nitric Oxide Synthase: Characterization 
and Functional Analysis is a timely discussion 
for neuroscientists of practical methods for 
st~tdying nitric oxide. T h e  contributiolls are 
organized into three sections dealing with 

the  detection of nitric oxide, the  expres- 
sion, puriflcation, and gene regulation of 
nitric oxide synthases, and the  assessment 
of nitric oxide-mediated functions a t  the  
cell and organ levels. Most of the  chapters 
are authored hy pioneering investigators 
and provide a n  amount of detail appropriate 
to ~lli t iate newcomers to the  field. 

In  the past few months, three nen- vol- 
umes-volumes 268 and 269 of Methods in 
Enzymology edited by L. Packer (Academic 
Press) and &Methods in Nitric O x ~ d e  Research 
edited by M. Feelisch and J .  Stanller 
(\X;ilev)-have addressed Inore general 
methddological approaches. Each Kas its 
strengths. For example, the Methods in Enzy- 
mo loa  volumes cover the  peroxynitr~te- and 
nitric oxide-derived oxidants In greater de- 
tall, and the Feel~sch and Stamler hook con- 
tains excellent discussions of nitric oxide 
donors and the chemistry of nitric oxide. 
Because of the vouth and breadth of nitric 
oxide research, it is hest for investigators to 
consult and comDare all four volumes. 

Like any new field nitric oxide research 
still has many potential artifacts and pit- 
falls. which are onlv nartiallv addressed in  , L 

any of the  four hooks now available. For 
example, one matter concerning whlch un- 
derstanding needs to be more fully devel- 
oped is the  differences hetween nitric oxide 
donors and nitric oxide. T h e  donors are 
often nlore reactlve than nitric oxide ~tself,  
and considerable caution should be exer- 
cised before conclud~ng that their actlons 
applied to  tissues in  rnillimolar concentra- 
tions nlimlc the  phys~ological p r o d ~ ~ c t i o n  of 
n i t r ~ c  oxide itself. 

Josebh Beckman ~. 
Departments of Anesthesiology 

and Biochemistry, 
LTniversity of Alabaina, 

Birmingham, 4L 35233,  LTSA 

Books Received 
Advanced Catalysts and Nanostructured Mate- 

rials. Modern Synthetic Methods. \~V~lliam R. Moser, Ed. 
Academc Press, San Diego, 1996. xxvi, 592 pp.,  i u s .  
$85. ISBN 0-1 2-508160-9 

Bohmian Mechanics and Quantum Theory An 
Apprasal. James T Cushing, Arihur Fne, and Sheldon 
Godsten, Eds. Kuwer, NorVve, MA, 1996. vii, 403 pp , 
ilus. $159 or f 108 or Df,. 245 ISBN 0-7923-4028-0. 
Boston Studies n the Phosophy of Scence, ~ o l .  184. 
From a conference, Beef led, Germany, July 1995. 

Concepts in Vaccine Development. Stefan H. E. 
Kaufmann, Ed. De Gru)cer, Ha3&horne, NY, 1996, x x ,  
583 pp., u s  $1 19 or DM 178 or oS 1.31 7 or sFr 171 
ISBN 3-1 1 0 1  181 5-3. 

Developmental Science. Roberi B Cairns, Glen H 
Elder, Jr , and E Jane Costello, Eds Cambr~dge U n ~ e r -  
s~ty Press, New York, 1996 xx, 291 pp.,  i us .  $41.95. 
ISBN 0-521-49585-7. Cambridge Studies in Soc~al and 
Emotional Development. 

Electronic Noise and Fluctuations in Solids. Si-. 
Kogan Cambr~dqe Un versity Press, New York. 1996. 
xv~il, 354 pp., l u s  65L.95. ISBN 0-521 -46034-4 

http://www.sciencemag.org SCIENCE \'OL. 275 14 FEE 




